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Scvclal  inte.resting planetary missic)ns  arc either enabled  or
sigr]ificant]y  cnhancd  by nuc]car clccttic  propulsion (NJ IT) in
the 50 to 100 kW powtx range+ ‘J’hcse missions include a P]uto
orbiterfl’dw with an 11-year ftight timer and scvmil  years of
operational life in orbit versus a ballistic very Pdst (13 ktii/s)
flyby which woulcl  take longer to get to }’lutcr and woLIld have a
very shmt time to observe. the p]anct.  (A ballistic orbiter would
take about 40 years to get to Plum.) Other  missions include a
Neptune Orbiter/1’robe, a .)upite.r  Grand ~’c>ur orbiting each of
the major moons in order, a lJranus  (lbiterfl’robe, a Multiple
Mainbdt  Astmmicl  Renctczvcms  ol-biting six sclcctccl  asteroicls,
and a comet NUCICNS  Sample, Return. “l’his pa])er cliscusscs
potential missions and compare,s the nuclcaT clcctr ic ~mpulsicm
option to tl]c convcnticma]  ballistic approach on a ~]aralnctric
basis.

1. IN’1’J<OI)L1(.;’I’10N

l’lanctary missicms using nuclear dccttic  propulsion (N113’)  have
been subjects of study for two cm th]-ce decades. “J”hcy have not
been seriously considmcct  by mission planners, however,
because of t}m unavailability of the rcquirccl tcc}lnologie.s  ancl
because thcm were. plenty of ballistic missions c)f interest.
l;u~ thcr, until recently, the mission planners ccmc.e.ntratecl  on
next-generation missions, with a fcw years until the nlission
start, leaving tcm little time to influence significant technology
dcve]o])mcnt. “J’his sit~]ation  h a c t  the addcc] clisbcnefit  o f
depriving the technc)logy developers of the user advocacy
ncccssary  to acquire sufficient funds for robllst tcchno]ogy
proglams.

With improvements occurring in all of. these circunlstanccs,  this
stLldy was initiatcxi  with joint fundin~  f]mln the planetary
mission “user comlnunity” in the CIfficc of Space Science and



Application (OSSA)  an(i the Office of Acmnautics  and Space
“1’cchno]ogy  (OAS’1’) of the Nfitional  Acronau[ics  ald S p a c e
Aclministmtion (NASA) and the lkpartmcnt  of l{ticrgy (1>011).
‘1’hc focus is on the second major mission opportunity (early
?000s) rathc.1  than the next onc (Ia[e 1990s), allowing time for
the results to offer technology definition, advocacy, and
dcvclopmcnt  prior to a mission start.

“1’he study c)bjcctivcs  were dcsignccl  to p~ovidc  answers to the
followin~ questions:

● 1 low ncccssary  and how WC]] is N} H’ able, to help exccmtc the
missions envisioned by the OSSA mission strategists for 2.000
to 2.010 new starts?
● What can NIH’ technology of Year 2.000 do for a roster of
missions considered as potential candidates (Ref. 1)?

● What kind of an Nl;]) systcn~  is ncccld  to perform a mission
satisfying, at a minimum, the, funclame<nta]  science objectives
manciatcd  by OSSA?

●  IIow much  rcsi]iency can a missiori  h a v e  r e l a t i v e  t o
technology uncmlaintics?

● What ale the implications of these Nlil’ missions to (}w NASA
lallnch systcm  and other elements of space missions?

2. l) JSCLJSSION

Six missions were stuclitxi in ctc.tail,  concltmting  parametric low-
thrust mission pcrfmnancc  analyses and iterating, results with
technology teams at both the, Jet l’lopulsion  1,abol story (J}’1,)
and the I mvis  Rcscarc}] center (1.el<~):

Nc.pt unc 01 bite. ~fl>robc (Nl10/J’)
]’luto Or bitcrfl’robe (P1 ,0/I’)
Jupitcl-  Grand “J”our (JG”I’)
LJI-anus  Orbiter/1’mbc (LJO/l))
Multi])lc Mainbclt  Astcroicl Renckmvous  (MMBAR)
(:omct Nucleus Sample Return (~NSR)

NI{I’ nlissioI] coliccpts (scicncc  goals  and mission scenarios) are
constructed fromi the current ballistic mission concepts with the
addition Of various i]]]pt’OVCll]CJltS XeaCiily  pCrCC.iVCd  tO be
possible with N]{]> (Ref. 2). ‘1’he improvements include more
pay]oad,  better nlission/science scenarios, more. frcquc.nt launch
c)])~)ot-tl]rlitics,  and shc)rtcr  flight times, It is clear that the



avail:  ibilily  of high power aboard the spacccmft can change tile.
charmteristics  of the.sc missions in more ways. It cm chnnge  the
ty})cs  and dcsip,ns  of science irlstrumcnts ar]d e.x]Xrilnc.lits in
more. fundamental ways due to t}lc added on-board power,
colnpuling  capability, and communication Yates. ‘1’hcse
beneficial effects h;ivc yet to be cxplorecl.

Nuc]car  power was assumed to be supplied by SP- 100
dcrjvative  tcchno]ogy  (Ref. 3) projc.ctcd to be available in the
year  2000. “1’hc characteristics of the baseline. SP-1OO
technology ac]aptcd  for interplanetary missions arc shown in
“1’ab]c 1. other  ]cactor  system tec}]nolosy  in]plovcme.nls arc
expected to furlher reduce the power  system mass. NASA
advanced technology program goals include improving the
thcrlnoc]cctric  material figure-of-merit (Z) from 0.85 x 10-3/K
to ].4,  and c]ccreasing  the racliator dcnsit y fI”onl  8.74 kghnq  to
5.5. ‘1’he mass vc,rsL]s power is shown in l;ig, 1.

2..1 ~’hl ust Subsystcll~  ArchiteCtum

l;or high powe.~- NllI’ mission applications, a cluster of 30 cm
thlustcls  (see l;ig. 2) configured to function as one unit fmm a
single plocessor unit has been proposed by Rrophy  (Ref. 4).
“J’hc functionality of this engine is indistinguishab]c  from that c)f
a more colivcntiona] engine configuration except that there al-e
multiple hollow cathodes to be controlled hem. ‘l”hc nurnbcr of
thrustem clustered to operate as a unit is variecl  according to the
specific impulse and power level required for the, lnissiot].  “lllc
number of cluster units insta]lccl is dcterlnincd by the total thrust
burn time requirement of the lnissic)n  and the level of
redundancy intcnc]cd.  Since no useful reliability data exists, the
rcdundanc  y is provided arbitrarily in t}~c form of a 25% margin
in thruster operating life.

As a g[ound ru]c for the analysis, the installation of two power
processing units (1’PLJs), the second as a standby, is assumed.
‘1’his is regarded as appropriate bccausc the predicted opexa(ing
life. of the 1’1’1)  is much longer (5-15 years) than tllc thruster.

(kmscrvativc]y  projcctcd  performance of the 30-cm thruster as a
funclion  of specific impulse is charactcri~,cd  in ‘J’ab]c 2. with
krypton as the proj~cllant. “1’hc total efficiency depicted in ‘l-able
2 includes the }’PLJ operating at 93%, cffwiency.  ‘1’hc prc(iic[ed
Ii fctjmc is 1 (),0()0 hours.



3. RI;SIJI ,’1’S

Mission pcl-formancc  characteristics for car}] of the six types
of missions are given palamcttical]y  in ‘J’ablm 3 through 8,
including key comments cm the Icsu]ts. ‘1’he usc of N]{]> wi[h
twoclasscs  of launch vc.hicles,’l’itan  lV/Gmtaurand  }Ieavy
l,ift launch Vchiclc  (I II,V) with (kntaur upper stage, arc
considcmd.  “1’itan lV/Gntauris  the lar~est lallllctlcr ctlrlclitly
available. “1’hccapabilityof  the Shuttle- ~/OMtaur,  which was
undc]’ dcvc.loplncnt until 1991, is used to rep] cscmt a future
heavy launcher expected  from t}~e.  U.S. National ].aunch
Systcln  l~e,ve,lopment  l’rc)gram,  Not all the missions can be
attractively preformed with the (“1’itan lV/Gntaur  +- NI;I>)
combination; only those deemed attractive are prcscntcd in the
tab]cs.

N}\]’ capability, rcquimmcnts,  and key improvcri~cnts  over
ballis[ic missions am discussed.

“1’hc  scicncc  objectives of the LJranus mission include studies of
the lJranus  atmosphere ancl its satellites and ring systems. only
a ve]y pl-climinary  ballistic mission concept considers an llarth-
JuI)itc~  gravity assist tiajcctory  and takes 15 ycats  to math
lJranus.  After clelivtxing  a LJranus probe, the spacecraft makes
a]] Observations fmn a ]OOSC C]]iptiC  orbit, “l”hc SCiCIICC.  return is
restricted mostly to distant flybys of satellites and observations
of atmosphem  and rirlgs. “l’he mission depcndcncc  on Jupiter
gmvity assists rcsu]ts in sj~arsc mission opportuliitics.

‘l”hc N] T mission scenario is far more. rewarding scientific]] y.
lJpon  arrival, the NI;P spacecraft spirals gradually into the
vicinity of the planet to about five. lJranus  radii. in the process,
t]ic NJ!]’ spacecraft releases an atlnosphcric  probe, pcrfcmns the
relay link, and subsequently rendezvous with each of the outex
five moons (which vary in radius from 320 to 1010 km). In
shm ( N}T offers  the grand tour of lJranus  satellites and ril~gs
and delivers an atn~osphe.ric  probe.

‘J”his  mission is not attainable with (“1’itan/Gntaur + NJ!l>)
within an attractive flight time. It is feasible with a
(I 11 .V/CcntaLIr -I N]{]’) system anti it cm] bc p e r f o r m e d
satisfactorily in 1 (),5 to 14 years with a comfortable
pcl-forlnancc  mal gin.



3.? NcptLIne.  Orbitcrfl’Iobc

‘J’}Ic fundawicnta]  Inission  o[)jcc[ives  of NI:C]/1’ a r c  1 )  t o
chalactcrizc  (1IC stmcturc,  cc)mposition,  a n d  d y n a m i c s  of
Nc])tunc’s atmosphere; 2.) to study  the geology, smface
composition, atlnosphcm,  an(i atnmphel  c- sutface interactions
of ‘1’ritol~;  3) to study the geology and composition of other
satelli tes;  and 4) to cictcrminc  the IIatur-c,  cmnposition,  and
dynamics of the l-ing system and the interaction of the, ring
material with Neptune’s rI~agl~ctosl)}lclc.

“J’hc pl oblcmatic  aspect of the CNmcnt  chemical mission concept
is the lor~g fJight time; >18 years, l’hc orbital design at Neptune
is also scve,rcly  restricted by the on-board AV capability of a
Mat-incr Mark 11 (Mh4K 11) spacecraft. 1,ike Cialilco and (:assini,
tlic orbital seql!e.nces  tire built  arcwnd satellite (’1’r-itotl)  gravity
assists to save AV and acquire  ‘1’riton science at each of the
many (= 45) swingbys. “1’hc flyby spmd  of ‘1’riton is 4 to S kn~/s.
‘1’hc viable mission opportunities are very few because the,
occurrence of a favorable planetary (I{arth,  Venus, and Jupiter)
alignment is rare. “1’ypical]y, a  g o o d  ]aunch  o~qlo)tunity
involving a Jupiter swingby  is available for abcmt  two
ccmsccutive years,  but after that, a favorable Jupiter-Nepturlc
ali.gnmcnt  will not rccwr- for about another 13 years.

“1’hc proposc[]  N};P mission consists c)f t}~c deliver-y of a
spacecraft to orbit about Neptune and “1’riton,  the delivery of a
probe into the planet’s atmosphmc,  and fast flybys of Ne.ptunc’s
small satcllite,s  and ring systems. If a sufficient performance
margin exists, the optiori  of a ‘1’riton ]andcr may bc consicte.red,
lJsing  (111 .V/~cntaur  -t N]{}’), a 1400-kg orbiter with a 376 kg
atmos~)hcric  probe and a small (50 kg) ‘J’ritorr lander can bc
dclivcrcd tc) Ne.ptunc  in 1 ? years.

l>luto is the last of the major planc(s yet to be exj]lore.d with a
spacecraft. “J’hc proposed chemical option uses a 2.001 l:arth-
Jul)itcr gravity-assist trajectory (13-15 year trip) and briefly
encounters the l’luto-~haron  system at a flyby spc.cd c)f about 13
kn~/s.  Because of the weak gravity of Pluto, an orbiter or even a
slow flyby is cxtrcmcly  difficult using  a ballistic rlmlc  unless a
very long flight time., approaching 40 years, is accc])table.



‘Iihc scicncc goals for this mission are 1) to stwiy the geology,
illtcrllal stluctum,  surface composition, and atrtl[)s~~}lcrc-sll]face

~) to Illap the sut face cmnposition  andintul actiolis on Pluto; -..
~,cology of Ularon,  and to de.tmninc  whether smfacc  processes
or gmlogic  features  may have rcsu]tc(i flom gravitational
intctactions  bctwccn  l’luto  and charm; 3) to cie.tcrlninc  the,
(iynamics  an(i composi t ion  of Pluto’s atnmsphcrc  bcfcm
a[lnosphe,ric collapse (bctwccn  2020 an(i 202 S); ami 4) to
conduct in-situ scicncc with pimbes/soft  lancie.rs  cm }’luto anti
Olaron.

“J’hc very weak gravitational pull of l’luto  is an attractive feature
fm the N}{}’ li~ission  dcsigli.  At the arlival of an N1{I’ spacmraft
with a Vm = O, a rcmicz,vous  state is nearly achicvcct  ami will
require only a modest amount of AV (O explore both Pluto  and
C;haron.  A remciez.vous mission with ~:haron  comes first before
the spacecraft spirals into a tight orbit about Pluto. Performance
]mrlnitting, a lan(ier may bc cie,p]c)yccl  at both bwiies. A lander
can provi[ic in-situ measurements of the surface as well as the
attmsp}wre  Ciuring  its cicsccnt.

With a (rl’itan lV/Gm~taur i- NJ;]’) an orbitm mission to }’luto
an(i ~haron  (no probes) is feasible with a 14.5-year trip.
1 lowcvex the pcrformanm  margin is not large, (a mission may
tolerate - 15% of NliP  systeln  mass uliccr[ainty, if the flight
tilnc is increased to 16.5 years) and the probe ri~ay not bc
accommodatcct.  If the. mass growth of the total flight  systcm can
bc controllcxi  and after consi(iering  the impacts of all potcntia]
complications antici])atcd  in an N113> mission, this may bc an
cal-ly NNI’ mission candidate. “I”hc reasons for an cal-ly
application of N};}>  OJ) PI,0 are ] ) the science content of the
mission is greatly improved over the ballistic countcrj)art,
orbiter vs fi~st  flyby; 2.) it appeal-s to bc feasible  with the
cmcntly  available launch vchiclc;  3) the tl ip time. is comparable
to tllc ballistic flyby mission (1 3-15 years) and not too
objcc[ionab]c; and 4) there is a nccci for arriving at ]’luto before
2020-2025.

With an (111 ,V/~entaur  + Nlll’) a much faster trip time c)f an
11 .S-yc.ar  (without plobes)  rilission  is feasible., An a~i(iitiona]
year of flight time allows the delivery of a 4 14-kg lan(icr to
l’luto or ~haron.  With a 13.5-year flight a lan(ier on both can bc
ticco[~ll~)()[i;ttcci.  A rcasonab]e, per-for mance  margin exists.



‘J’hc “J~llJi[crCir:il~[i”l’otlr “ is a mission concept especially mac]c
for N];]’ in which the objcctivc  of olbiter  observations of four
(inlilcan  satellites is to bc realized in a single  launch. A satellite
orbiter ~iding  oIi N113’ is to successively mbit about  ~allisto,
Ganymcdc,  and l;uropa  ancl potentially 10 (if the radiation
~)rob]cln  can bc Inanagcd).  Additic)na]  rendezvous or slow
encounters of this spacecraft with other satellites arc also
cx~xxtcd. A mm ambitious concept includes the. aciclition  of
lovian  space physics cxploraticm  (Jupiter Polar- Chbitm  mission
= J]’(3) involvins  two ficlcls and partic]cs s~]acccmft.  “1’his option
is not set as the primary mission goal in this stucly,  but in cases
whmc an excess performance margin exists, additional landers
or J1’0 spacecraft arc ccmsictcred.

If wc were to cmntcmplate a mission providing equivalent
science using a chemical option, it would probably require five
‘1’itan lV/~cntaur launches over a period of many years; four fc)r
the Galilcan  orbiters anti one for J] ’(I- 1 and J102.

Although the ~m-formance margin is not too large (- 10%), an
orbiter class tour of all satellites (no probes) is feasible using a
(’1’itan lV/~entaur  + N1;P). “1’he flight time is 5 to 6.5 years. “l”his
tri~) time is ])robably acceptable, consiclel-ing  the significant
amount of science return expc,ctcd.  If an (J 11 .V/~cntaur  -t N] I}’)
is used, t}m tour of all satellites is feasible with a flight time of
3.5 years. 1 ]owevcr,  noting the rapicl growth in the pay]oacl
capability with the longer flight time, longer flight tim options
lnay bc preferable. ‘1’hc, addition of two -1000 kg lanctcrs for
two of the Galilcan satellites or addition of two small fields and
]mrticles spacecraft (2.500 kg total) arc possible by choosing a
]ongcr 5-6 year trajectory.

3.5 _Ml~~lc  M:ijn~clt_Astcr[~(l  ?<gn~CZyNIS Mission

‘1’hc scicncc  goals for an asteroid mission are to determine the
asteroid size, shape, rotation, al bcc]o,  mass, density, surface
mor~)ho]ogy,  surface composition, magnetic fields,  and
interaction with the sc)lar  wind, Since the asteroid population is
diverse (in size, physical and compositional characteristics, and
their distance flon] the sun), a scientifically meaningful asteroid
mission would require sampling of a sufficiently large number
of clivcrsc  classes of asteroids. “l”his i s  the ovcrliding
rcquircmcn~  imposed by the asteroid science community for the
design of an MM13AJ{ mission.



In a ballistic option using, the. combination of a “1’itan lV/&~taur
and MMK 11 spacccl  aft, at tile maximuln,  two asteroid
Iendcz.vous  can be attained. ‘J’bis probably will irlvolve  double
swingbys  c)f Mars and take about cigb( years to attain. ‘l’he.
capability of a chemical proj)ulsion  system  also limits the
encounters to astcroicis  residing only in the innelmost  astcroici
lwlt.

N]{]’ with its la~gc  AV capability offers the opportunity to not
only capture more targets, but also sclcctivc targets of interest.
Vcsta an(i {;cres arc two astcrc)icis most flcqucntly  mcntionc(i  as
(icsirable targets. As an cxalnplc.,  to dcnmnstr-ate the potential of
Nl{l’ i n  pcrfc)rming  a n  Mh4BAR missic)n, a  I-cncicz,voLIs
scqucncc built  arcnmi these asteroids is consi(icr-eci  in this study.
l“hc proposect  NJW mission concept consists of scncling  one
mbitcr spacecraft and, optionally, a number of ]ancicrs or
pcnetratms.  “1’hc spaccmaft will observe an astcroici  for a
Iiominal  ciul at ion (= 60 days Ininimum) flcml a rendezvous state
(= O relative velocity) an[i then nmvc cm to the next target.

It is inclicatc.ci  that a mission involving six highly (icsirab]c
targets is made in 13.5 years and is within tim reach of a (’J’itan
1 V/Gntatlr  + NIW) system. Although cm] y a small pcrformanm
cushion is indicated in Table 7, there ale a numbel  of ways that
al-c available to lnaintain  the viability of this mission, suc}l as
change of targets, ]ongcr  flight time, or even reducing the
Ilumbcr  c~f targets. Note  also that flybys of aste.rc~ids  of
opportunity are avaiiabic  (c) fur[hcr cnhancc the scicncx return.
‘J’his is pcrbaps  the best choice  for the first N];]’ miss ion
bccausc  il uses an available launch vchiclc; (}IC first astc]-c)i(i
ciata is cxpcctcd  about 2 years after launch; anti it is resilient tc)
cl-rc)rs ciuc  to preflight mass growth or infiight  performance
dcg]-adations.  Onc can continue with tbc. missio)l  at a slower
pace an~i C} IOOSC altcr[iatc  targets as it procccc]s.  Given an
(111 ,V/Gntaur  + NJ;]’), MMBAR  can bc accomplishcci in a
siight]y shorter flight time conl~mrc(i  to the case! when a “1’itan
lV/~cntaur  is uscci. 1 ]owcvcr, no significant incmasc in payload
margin is observed. “1’he  indication is that shor[cnin~ the flight
time bcyonct the natural boun(iary  c)r aiming for harci-tc)-access
targets because they are more desirable are accompanied by a
stiff pcr-formance  pcnaity.  “1’bc  natura]  transfer time bctwccn
astc.roi(is is about half tbc orbitai pcr-ioci of tile aste.roicis,  i.e.., 1,5
years in the inner belt to 2..5 years in tbc mici-belt. On t}~e.
average, 2 years pcr target is expcctc(i.



3.6 (h~lct  NUCICIIS Snmp]c Rcturl~

“1’he ~)rill~ary  objcc[ivc of a (~NSR mission is to ~eturll  to llar-th
pristine samples of come[ sul face Inatcrial, cole. material, and
volatilcs.

IIallistic  ~NSR performance possibi]itics  have bce.n stuciicci
quite extensively by Saucr  (Rcf.’5).  A lack of opportunity to
accc.ss ctcsirablc  targets appcats  to bc the main drawback. “J’hc
capability of the presently available “l”itan  IV/C%lltaur  is sLIch
that a mission is possible only with multiple gravity assists of
Venus and Iiar(h, resulting in flight times of 8.5 to 10.5 years. If
an 111 .V/Gntaur class launch vc})icle. bccomcs available, ~NSR
missions to a few relatively easily  accessible cornets arc
possib]c  using a AV-liGA trajectory with a typical round tlip
time of 7 to 8 years.

(hc N113’ version of the mission may be as follows: 1) N}{l’, a
main spacecraft, a lanclcr-sampler, an(i an l~arlh-returfi  capsule
(acrocapsulc)  will bc sent to rcn{icz,vous  with a cicsil-able
(relatively active/new) comet; 2) the main spacecraft is used for
munci  trip guidance, control, command, an(i corl-ll]ltlllicatiorls; it
also performs the high resolution imaging nccciect  for site
selection; 3) the main spacecraft remains with NW; 4) the
lancicr vchiclc with the Harth-re.turn  acrocapsule  lands on the
comet an(i collects samples, the lancicr will be left on the comet;
5) the acquired samples and l{arlh-return capsu]c  are cicsigncd  to
asccn(i fmm the comet and ciock with the main spacecraft to
travel back to };arth using NIIT; 6) upon arlival at liarth  the
sample. capsule may be. released for [iirc.ct  atmosphcmic  entry or
captured via on-orbit rccovcry.  One anticipatc~i  benefit of N}{I’
is to gain frequent o~y>or[unity to access a greater nurnbcr  of
comets c)f interest (active, fresh comets). Additionally, the
])rcscrvation of the sample ciuring the return tJ-ip is made easier
with the atn])le,  power of NI;P. If ciirect-llarth entry can be
avoi(icci  with an c)n-orbit  rccovcry,  NI{P will bc helpful in
attaining the kcy science goal of “pristine. sample preservation”
by not subjecting the sample to the hiSh shock environment of a
direct-]{alth entry.

An acceptable mission with (111. V/Omtaur  + NI{P) will require
a flight time. of 6.7 to 7.6 years for the examples uscct. “l’his is
associatcci  with a class of trajectory (calle.ci  inciilcct,  scc Fig. 8)
rcqui~-ing  about 1.5 revolutions about the sun in goin~ to the
comc[.  No significant performance margin is inciicatcci.  An
aciditiona]  margin, if rlcccicxi, will require another class of



indirect trajectory involving  ].5 rev about the sun for both t]ic.
outbound and the inbound legs and WOUIC1 take ncar]y two years
longer-. ‘J’hc NF2’ system requirement for (his mission is
different from the other N}{l] missions. “I”hc ISI) is relatively low
(<5000  seconds), and the thrust time is shol t; -4 years
comparc(l to other missions. “J’hc reason for the above behavior
can bc attl ibutccl  to the ccccntl-ic natuic of the, comet mbit.

4. Nl;}’1’ARAM1;TJIX SlJh4MARY

IIascd  upon the performance assessment made above,, the
delineation of NIH’ systcm clcsign pa]-amctms best suitcct for
various missions is made and summarized in “J’able 9. A range
of parameters rather than a single design point is provided. ~’he
first cntly  corresponds to the shortest flight titnc (except for
JCi’1’) and the nominal ctcsign point. ‘l”hc second ct)try rcpmcnts
a design point if the worst (but tolerable) fall back position is
taken.

Given an 1 II .V/Gntaur launch vehicle, all missions can be
pclformcd  with a 100-kW space reactor power systcm (SRPS).
‘1’hc nominal (ful]-pc)wcr,  life-time) capability of about (8,15)
years satisfies the requirements c)f all ?Iomirlal nlissions. ‘i’he
thrusters should be operating at about 8000  seconds for JG’1’ and
outer planetary missions. lsp for Mh4}3AR  and {~NSR are low,
5000 to 6000 seconds. ‘i>hc thrust subsystem entails fifty to
seventy 30-cnl thrusters (ion sources) depending cm the mission.
]f the nolnina] NliP mass characteristics are not met, longer
thrust times, longer life times ancl more thrusters are implied to
fur[hcr compound the clesign problems.

‘J’o do the MMBAR,  l’LO, and JG”l’  missions with a ‘1’itan
lV/Gntaur, the optima] power ICVC1 of S1<1’S is about 40-60
kW. A full power time of 8 yeats is acccptab]c  but the lcmg
mission time for 1’1.0 clictatcs a lifetime of 15 to 16 years. “J’hc
number of thrusters involved is about 40 maximum.

“1’he design parameters suggested  above  represent a “near
optimal” set of ctcsign paranle[crs. “1’he. characteristics of low
thrust mission performance are such that the performance
dcglad:ition  is not severe  as onc (icviatcs frcm these design
points. ]f some design paramctet’s  are difficll]t to Iilcc[, the,
imposition of a constraint is a jmssibility. “1’he.  cicgradation  in
pcrfcmnance due to a constraint, e.g. thrllst  time, can be rna(ic
up easily with rc-optimimcl  lsp, }’(), or 1:1’ etc. as long as the
constraint is not drastically different flotn the oj)titim] value.



5. ‘I’l<AJI;CTI’Ol<  ll{S

An example hcliocc.ntric  trajectory for each mission is provided
in Iiiguim  3 through 8. ““]’]) r~lst.Cc~as[-t}  lr~lst” is t}lt2 COIlllllO1)
thrust profile, nce.deci  for rcnctez.vous  and V- = O planetary
cncmuntcr trajectories. lXlctc Jthclowlcvcl  of Nl{PthrNst  and
the. near zero llarth  cscapc  e.nmgy, the spacecraft mccls to spiral

about the sun for a while  to galhcr enough  e.ncrgy to hcact
towards the outer planets. Note that a scenario with many thrust
on-off cycles is involved in the MM}IAI?  mission. Although no
actual planetary phase thrust pr-ofilc can bc generated at pmemt,
multiple encounters with satellites (e. g., JCi”l’) woNld dictate the
same type of requirements.

6. ~ClNC3  lJSlONS

‘J’hc applicability, benefits, and rcquircnmmts  of N}{]’  for a set of
important solar system exploration missions have been
cxaminc(l  assuming conservative< plojcctions  of current S1’-100
based space nuclear power technology and 30-cn~ rir~g-cusp
thruster tcchnolc)gy  with the expectation that t}~c first NIH’
mission may bc launched in the year -2005 (P1-ogl am New Start
year 2000).

It can bc conducted that all of the missions can be pm-formed
with reasonable confidence (i.e., a tolcrancc for an NIH) system
mass uncertainty of –30%)  if a heavy lift launch vehicle with
the capability of a Shuttle UCentaur  or better becomes
available, “l’he SRI’S power level of 100 kW can accommodate
all missions. The mass characteristic of the nominal dry NI;P
systcm is a specific mass of -57 kgfkW. ‘l’he assumed thruster
life is 10,000 hc)ur-s ,with a margin of 25% (effectively 7500
hours).

Given a ‘l”itan IV/Gntaur-  and about a 50-kW NFX’ system, it is
poss ib le  to  perform miss ions  MMBAR,  P1.C), ancl JGT,
although the performance margins are I-clatively  small (-15%).
‘1’hese missions may be a natural choice fol early NIiP
applications.

6.2 Missim  Jn~pr~vc!~mnts  Ov~r Ballistic Optjons

In addition to far better science, NI{P is able to remove most of
the pcrmive.d  difficulties and dilemmas of (hc missions



associated with current MMK 11 (icl-ivcd  ballistic aj>proachcs,
s]mcifically:  1) NIIP enables a l>luto  orbiter lnission;  2.) it
]Jrovictes shorter f]ight times for IJrantls (1 0.5 years  vs 15
years), Neptune (12- 15 years vs >18 ycat-s),  and l’]uto (1 1.5-15
yeat-s vs -40 ycal-s for an orbiter mission); 3) it allows for
orbiter missions to the major satellite,  s of Jtll)itcr,  Llranus,
Neptune, anti ]’luto vs flybys; 4) it enables a multiple. body
mission in the Jupiter Grand ‘1’OUT and lJrat]us Olbitcr/Probe
with one ]aunch  and a mul(ip]c asteroid-of-c}~oicc for asteroid
exploration with a single launch; ancl 5) them ale mom frequent
launch opporiunitim.

‘J’hc cm-rent mission objectives can bc attained  without an 1 ;atth-
spilal escape opcmtioll.
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“l’able 1. Haseline SP- 100 Technology Adapted for NH’ Interplanetary lMissions
—

● Deleted Armor for Protection Against F,al th Orbital Debris
● Deleted Auxiliary Cooling imp
● Jettison Reentry jleat Shield After Ear[h E3scape
● Assumed End of Mission Reactor Golant Temperature of 1400 K
● Mission Operating Time/L  ifetin~e.  7/1 O and 10/14 Years
● ‘I”hermoelectric  Material Figure-of-Merit (X) 0,85 x 10-3 K-1
● User Plane Self-induced Radiation 5 x 10$ rack (Clanmas)  and 1 x 1013 N/c]I)? (Neutrons)
● Radiator Density 8.74 kg/n#  (Chrrent  SP- 100 Design)
● Separation Distance 22 m
● Main 13US VO1tage 200 V&

—-——. ..—

Table 2.’ 30-cnl Ring-cusp Thruster  Performance Characteristics .
——.—...—.

Isp (s) Power In~;~PU (kW) ‘1’otal 13 fficiency ($ZL——— ———. ——.. —. .-—.
5000 8.3 64
6000 10.0 67
7000 11.7 68
8000 13$3 69
9000 15.0 70
10000 16.7 70

.



FJQWUCMIE.[CM  IYxfmiam summary tables

.

4.

F-I’
F[l

V}ll.
Po
lSP
PR

1’0
T*,
Tp
NJ

Hclioccntric  ~ansfcr  time
Flight time including planetary spirnl pha.w.
Earth escape Vaa
Inpu[ ~wer to PPLJ
Specific impulse
Thruster power rating
Operating power level of drrustef
llmrster life at operating power
Total propulsion time
No. of operating ttuusters  in a unit cluster

N[
Npr,u
MO
MP
MPP
M-[ll
MNkP
MPI ,
V*C

Total no. of Lhrusters (ion sources) instfillecl
No. of power  processor units installed
Lwnch mass rriinus  adapter
Prcrpe]lant  mass
SRI% n~ass
Thrust subsystem dry mass (including tankage)

TotaI NEP system mass (dry)= ( MPP+ Ml}[)
Payload delivered to final otlrit
Total characteristic vckci[y of the nlission

Table 3. Uranus Otbitcr/Pmbe  Pcrformancc  Surrmm-y
Rcquircmcn[s: Mn,>]410 kg (note: prcix released from high  altitt;cie  orbit-24 Ru )

UO/P with (Titan  IV/Centaur +NEP)~,. FI’1
————

VH[, Po lsP P~ P. -tL TP NO N, NWV ,Mo .Up ,Mw .)A,}, ,M*P  Mn,  :$;
h) (W) by @w) ($t~) OCW)  OrW)  *) @r) (kg) (kg) (l&) @g) tkg) (k@

14.0 16.4 1:3 52 10000 17 13 1.47 12.1 4 44 2 8846 2828 2936 1116 4051 886 39.6

14.5 17.1 1.4 50 1000O 17 17 1.15 12.3 3 42 2 8811 2757 2895 1074 3969 1 MM 38.6

15.0 17.7 1.5 48 10CMXI 17 16 1.19 12.5 3 42 2 8782 2694 2860 1054 3914 1023 37.8

15.5 18.3 1.5 46 10000 17 15 1.23 1?.6 3 39 2 8763 2642 2832 1012 3844 1196 37.0

16.0 18.9 1.6 45 lCOCKI  17 15 1.26 12.7 3 39 2 8757 2603 2810 999 3809 1264 36.4

16.5 19.5 1.5 44 10003 17 15 1.28 12.9 3 39 2. X174 2584 2797 990 3787 1322 36.0

17.0 20.1 0.8 42 10000 17 14 1.36 14.8 3 42. 2 9021 2814 282.5 1017 3841 1285 38.5

17.5 20.8 0.8 40 IOOCKI  17 13 1.41 15.2 3 42 3 9305 2774 2799 1165 3964 1186 37.9

18.0 21.4 0.9 39 10000 17 13 1 . 4 6  15.5 3 42 3 8985 2728 2714 1144 3 9 1 9  1 2 5 7 37.3
— .—— ——-—.. . . .

2minleIlr3:
I No acccpsable performance for the pmposcd sccmrio.
I Less rkr,landing  mission rnighl  tx considered. - .— -.. .—

)
10.0 11.4 1.9 99 8086 13 12 1.24 8.0 8 7 2 2 13511

10.5 12.1 1.9 98 83&f 14 14 1.14 8.3 -J 70 2 13534

11.O  1 2 . 7 1.9 97 8601 14 14 1.18 8.6 7 70 2. 13626

11.5 13.3 1.6 98 8831 15 14 1.20 8.9 7 70 2 13885

12.0 1 3 . 9 0.8 101 9356 16 14 1.24 10.3 7 77 2 14588

12.5 14.6 0.8 98 9752 16 14 .1.32 11.0 7 7’/ 2 14590

13.0 15.3 0.9 96 10093 17 16 1.20 11.6 6 78 2 14553

13.5 16.0 0.9 94 10388 17 16 1.26 12.0 6 72 2 14510

14.0 16.6 1.0 92 10640 1 8 15 1.32 12.3 6 72 2. 14472

14.5 17.3 1.0 90 10855  18 18 1.14 12.6 5 70 2 14451

15.0 17.9 1.0 89 110S0 18 18 1.18 1 2 . 9 5 70 2 14460

15.5 18.5 0.9 88 11274 19 18 1.21 13.4 5 70 2 14535

16.0 19.2 0.6 88 11761 20 18 1.27 1 4 . 7 5 75 2 14712

5474

5231

5071

5045

5328

5134

4913

4704

4521

4371

4258

42CQ

4223

3704

3703

3713

3760

3942

3952

3945

3931

3915

3901

3896

3917

4012

krrnrrlcflls:
Mininlt]rrt flight time= 10.5 ycam, mission [irne - 12.5 years.
Can tolcr.4te JNLW mass unccrsainry  of 30 ‘%@ F“I’=14 years.
Non, inal PO- lCX3kW,  ISP*8500  sec.
Viable op~ion— _—. -.— .—

.

1986

1936

191-/

1921

2031

1992

1961

1873

1841

179”1

1771

1767

1809

5689

5639

5630

5681

5973

5944

5906

5805

5756

5698

5673

5684

5821

1267

1583

1844

2078

2206

2431

2653

2.920

3114

3301

3448

3570

3587

.

42.!

41.~

40.!

40,:

42.5

42.t

41.;

41,1

40.2

39.5

38.9

38.S

40,1
—-
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Table 4. Neptune C)rbitcr/?’robe F’crforlllancc  Sunlnmry
Requirements: MP1,214 10 kg (note: Neptune probe rclcxcd on approach )

N}EW’ wi[h (Titan IV/Gmtaur + NW)-.— —.-—.—
E-r F1’1

— ————... —
VIII,  PO lSP NO N, NRU M.

-— . .  .  . ._ .  —- ._ . ._

(M) (y-r) (q/s @w) (See) (kP;) (lP:)  :) :)
,Mp ,Mn, ‘Ml}{ ,&’i~,~  ,~[,, ‘ A C

@g) (-kg) fkg) (kg) &g) @g) (krws)

16.0 16.9 1:1 58 lWM) 17 14 1.31 11.6 4 48 2 8923 3035 3054 1219 4 2 7 4 1238 41.0

16.5 17.5 1.2 56 ltXKIO  17 14 1.37 11.8 4 44 2 8901 2963 3010 1159 4170 1392 40.0

17.0 18.0 1.3 54 1~ 17 13 1.42 11.9 4 44 2 8878 2a91 2971 1137 4108 1503 38.9

17.5 18.6 1.3 52 ]OCQO 17 13 1.46 12.0 4 44 2 8856 2823 2936 1116 4052 l@5 37,9

18.0 19.1 1.4 50 10000 17 13 1.51 12.1 4 44 2 8837 2760 2905 1099 4Ci)3  1698 37.0

. nlinimurn flight lim--t7  years, total mission time,  -19 years.
——____ - -_

. Praclicaily  no Wrfrmnance  nlargin
●  )40[ a  v i a b l e  ~tion.— — —. ---

NEO/P with fiII,V/Centaur  -+NIH’)
F-l’

, _ _ _ _ _ _ _  _ _ _ _ _
1.-11 VHL PO Is P ~ P. T,, Tp NO Nt Nww ,Mo M

— . . .  _ _
LM ~ M,,l M * ,P  ,Mn, ‘ A C

~) b’s) @r,lh @w) (sCc) &w,) @w,) (yr) fyr) (w ;85 (lgl &g) @&) (l&) (kmh)

)
11.5 12.0 1;9 102 7565 13 11 1.27 7.7 9 72 2 13548 6185 3741 2078 5818 1169 45.4

12.0 12.5 1.9 101 7826 13 13 1.17 7.9 8 7 2 2 13580 5901 3745 2046 5-190 1513 44.0

12.5 13.1 1.9 101 8051 13 13 1.22 8.1 8 72 2 13623 5664 3746 2018 S163 1820 42,6

13.0 13.6 1.8 IOU 8248 14 12 1.25 8.3 8 7 2 2 13693 5477 3748 1996 5744 206 41.S

13.5 14.1 1.7 1CX3 8428 14 12 1.29 8.4 8 7 2 2 13813 5349 3760 1982 5142 2346 40.7

14.0 14.7 1.5 10 I 8637 14 14 1.14 8.8 7 70 2 t4W3  5331 3805 1970 5776 2590 40.5

14.5 15.2 0.8 102 9136 15 15 1.19 10.0 7 77 2 14592 5517 3949 2059 (&Yf 2@2 42,7

t5.O 1 S . 8 0.8 100 9476 16 14 1.2s5 10.7 7 7’1 2. 14615 5358 3959 2026 5985 2896 42.6

15.5 16.4 0.8 98 9755 16 14 1.33 ]1.1 7 77 2 14599 5167 3953 1992 594Il 3112 42.0

16.0 16.9 0.8 96 9996 17 16 1.19 11.5 6 78 2 145”/5 4978 3940 1968 5908 3313 41.1
..—. —. —-.. —-_ ———. c. —__
, Minimum flight time= 12. years, tcrtal mission time -14 years.

.

, Aclditicm  of a I’ri[on  lander possible I@ F-l’= 13.5 years, total n,i$sion tinm  - 15.5 years.
, Can Iolcratc  ,Nl;f’ mass uncessnimty  of 30 % @ 14”1=15.5  years, but thrus(  tin,e and n]ission tinte is longer.
iNomin.  sl PO =. 100 kW, ISP -8000  sewnds.
Viable option ———. -.—.

Table 5. Pluto Orbiter/P(optional lander) Pcrfor[narm  S unlmary
Requimrnents: Mp&1410 kg

[’I.~/P with ~1’itan  IV/Cm[allr  + NEp)~,. .—
E-I’1 VIII, Po 1s P INO

(M) (v) y (h) (See) &p:) (k%) :) J’)

,N, lNm~ .M o .Mp ,M pp .%1{ .~m Jfll, ~;:,
&g) (w (-kg) (w C%) @d

13.5 13.5 2;4 58

14.0 14.0 2.4 57

14.5 14.5 24 56

15.0 15.0 2.4 56

15.5 15.5 2.3 55

16.0 16.0 1.0 58

16.S 16.5 1.0 57

17.0 17.0 1.1 56

17.5 17.s 1.2 55

18,0 18.0 1.2 54

8W5

8?38

8358

8461

8556

9390

9617

9812

9979

10121

13 12 1.32 7.8 5 40 2

14 11 1.37 7.9 5 40 2

14 11 1.41 8.0 5 40 2

14 14 1.15 8.0 4 36 2

14 14 1.18 8.1 4 36 2

16 15 1.22 10.3 4 44 2

16 14 1.28 10.6 4 44 2.

16 14 1.33 10.9 4 44 2

17 14 1.38 11.1 4 44 2

17 13 1.43 11.2 4 40 2

8315

8303

8301

8314

8351

8967

8952

893 I

8909

8887.

3134

3(KN

2905

232?

2763

3075

29tM

2856

2755

2662

2844 1 1 6 2

2829 1143

2815 1127

2804 1079

2800 1070

2 9 8 9  1192

2 9 8 0  1172

2968 1152

2953 1134

2937 ( 083

4006

3972

3942

3883

3870

4181

4152.

4120

4087

4020

1175 37.6

1322 36.4

1454 35.3

1699 3 4 . 4

1718 33.7

1711 38.7

1836 37.9

1955 37.1

2C67 3 6 . 2

2205 35.3

.  Orbi[cr IS a ,NEP enab]cd  n,tssion nlodc.  —
——-. —. —...

. Minintum  flight tin}cs14.5 years, Lotal mission time -16.5 years.

. [’eas]bility  indicated but margin may not Lx sufficiml.

. lNorllinal  PO _ 55 kW, 1S1’.. 84(XI sec.

.Wlav & a vtable and attr~ctivc  rpion if mass  grutvdr  in all cor!lponevlts  can be controlled.—._ —__. — - ———— _ _ _ _  - —  .  .  .—
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l’able 5. Pluto Orbi[cr/P(op[ional  lander) Perforrl]ance Sunlllmry (contirtucd)
Rcquircn]cnts: MPL,21410 kg

PI 0/I’ with ~1[ ,V/Cenraur +NliE~
Fr

—. .—-—..—p-l] V-HI. Po 1s}’ PR P. -IL ‘IP NO N1 NW MO ,Mp
—.. .—

.Mw .M, ,, Lhf,wp
&r) (yr) @r;I/t  (kw)  (s..) (kw) f@) @,) Q,)

JM n, ‘ A C

h) cd cd (%) (kg) (kg) (k!!,  /,)

11.0 11.0 1.8 103 6884 11 11 1.14 6.8 9 7 2 2 13t159 6571 3682 2132 5813 1175 45.2

11.5 11.5 1.8 103 7157 12 11 1.19 7.0 9 72 2 13706 6337 3691 2097 5-/88 1581 43.6

12.0 12.0 1.8 102 7396 12 11 1.24 7.2 9 7 2 2 13734 6034 3691 20752 5753 1947 42.0

12.5 12.S 1.7 101 7602 13 13 1.15 7.3 8 64 2 13761 S170 3684 1961 5.!M5 2346 40.5

13.0 13.0 1.7 100 7T17 13 12 1.18 7.4 8 64 2 13798 5547 3675 1933 5608 2&3  39.2

13.5 13.5 1.7 99 7929 13 12 1.22 7.5 8 64 2 13857 5368 3658 1910 5578 2911 38.1

14.0 14.0 1.6 99 8070 13 12 1.24 7.7 8 64 2 13955 5238 3659 1894 5563 3154 37.?

14.5 14.5 1.4 99 8245 14 12 1.27 7.9 8 64 2 14163 5197 3697 1894 5591 3375 37.0

15.0 15.0 0.8 )00 8736 15 14 1.16 9.1 7 7 0 2 14610 5371 3826 1971 S197  3442  39 .3

15.5 15.5 0.7 98 9077 15 14 1.23 9.7 7 7 0 2 14fM7 5240 3839 1941 5780 3627 39.4

16.0 16.0 0.7 96 9335 16 14 1.29 10.2 7 70 2 14638 5067 3831 1909 5740 3831 38.9

G “-- ‘“
o Ortsilc.r  is a NEP enabled mission mode.

. Mininluni  flight shiw=l 1.5 years, total n]issiort  li][,e -13 years.
[adcr  for both Pirrlo  and Claron  Posstble  @ 1-1’=13.5  years, and missicm  time -15 years.

. Nominal PO - lCQ kW, ISP= 7200 sec.

——.

Table 6.’ Jui~ite.r (irand  l’our I’erforurlancc  Sunlmary  .
Requirements: MP,.2 1434 kg (EXCCSS performance arc for probes or for two JPO spat.e.craft )

JG1” widr (1’itan IV/CenLlnr  + NEP)_- . . . . . ..yr.-&.v~l  ~,- /
[.-1,1 ‘Po IsfJ PR P. ‘I’t, ‘l’P NO -  NT Nww MO Mp ,Vw .M,l[ Mytp -MR.  J:

(y) (yr) @~ @w) (sCC) (kw) (lcw) @r) @r) es) O%) @@ (%) (1-g) @p.)

4.50 7.5 2.3 62 7s19 13 12 1.16 6.6 5 40 2 8363 3232 2855 1205 4059 1072 36.3

4.75 8.2 2.3 60 8122 14 12 1.28 7.4 5 40 2 8340 3030  2857 1168 4025 1285 36.0

5.00 8.9 23 58 8653 14 12 1.41 8.2 5 4 0 2 8339 2S69 2864 1138 40f)3 1467 35.8

5.25 9.6 2.5 55 9164 15 14 l.?fi 8.9 4 36 2 8204 2654 2847 1061 390s 1612. 35.1

5.50 10.4 2.8 53 9650 16 13 1.39 9.6 4 36 2 8055 2463 2828 1022 3850 1742 34.5

5.75 11.1 2.9 50 10081 17 13 1.52 10.3 4 36 2 7919 2708 2s11 988 3799 1812 34.1

5.00 11.7 3.1 49 10424 17 16 1.22 10.8 3 36 2 7823 2198 2801 964 3765 1860 33.7

.5.25 12.3 3.1 48 1(%55  18 16 1.27 11.2 3 36 2 ?189 2138  2799 952 3-/50 lSQI 33,5

6 .50  1? .6 3.1 48 10778 18 16 1.29 11.4 3 36 2 7820 2 1 2 4  280/ 949 3756 1940 33.5

6.75 12.9 2.9 48 10812 18 16 1.27 11.5 3 36 2 7920 2154 2826 957 3783 1983 33.7

. mlnunum  flight  [trne=  5 years, tosal  mission ~irrlc -10 years, spiral tune at Jupl[tr  is Imlg.
—.—

. Sate.llite orbiter [our (no additional payload) sctnl  feasible, bu[ nlargin is na large.
o Nonlinal PO a 60 kW, IS P- 8500 scc
. ,Modest pcrforrnanu  but science return u still sigttificant,
‘ I’ight  conlrc~l  Of mass growth is neczssary [o IX valid, -.—



.
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Table 6. Jupiter Grand I“Our Pcrforlnancc  Summary (con[inucd)
RcquiremcnLs: M1,l,> 1434 kg @.xcess performance arc for probes or for two JPC) spacecraft )

3.?5 7.1 5:8 48

3.50 7.6 5.7 49

3.75 7.7 5.S 52

4.00 7.7 5.1 58

4.2s 7.7 4.6 6.5

4.50 7.4 1.6 104

4.75 8.0 1.7 101

5.00 8.7 1.9 97

5.25 9.4 2.0 93

5.50 9.9 2.1 91

5.75 10.4 21 89

6.LX3  1 0 , 8 2.0 89

6.25 11.1 1.8 91

6.50 11.3  0.9 97

8145

8418

8347

8143

7845

7521

8018

8491

8918

9270

9525

9688

9772

9s09

14

14

14

14

13

13

13

14

15

15

16

16

16

16

12 l,~g 6.8 4 28 2

12 1.31 7.1 4 28 2

13 1.21 7.0 4 32 2

12 1.34 6.8 5 35 2

11 1.35 6.4 6 3 6 2

12 1.23 6.6 9 63 2

13 1.21 7.3 8 CA 2

14 1.17 7.9 7 63 2

13 1.27 8.5 7 63 2

15 1.17 9 . 0 6 6 0 2

15 1.2.2 9.3 6 6-9 2

15 1.24 9.6 6 60 2

15 1.23 9.8 6 60 2

16 1.15 10.1 6 66 2

6971

7142

7577

S178

Xr79

13891

13760

13@3

13438

13327

13314

13421

13692

14514

2!?32

X?19

2385

2658

3103

5517

5131

4781

4486

4270

4150

4123

4203

4602

X87

2615

2681

27/4

2918

3692

3673

3rX9

3625

3609

3610

3631

3682

3848

895

S98

977

1072

119Q

1959

19rxr

1828

1772

1705

1682

1680

1701

1841

3482

3513

3658

3846

4108

5651

5573

5477

5397

5314

5292

5311

5384

5689

1257

1410

1534

1674

1868

2723

3056

3342

3555

3743

3872

3987

4105

4223

30. !

30.:
305

31.4

32.2

37.3

36,7

36.1

35.5

35.1

34.9

34.9

35.1

36.7_——
. ,Minimum flight LimG-3.5 years, total rrllsslon Umc

——. —
-10 years, spiral lime at Jrrpi[er is long.

..— —

. Lalger 1-1’ ( -5 years) n,ay not be objectionable. ,N@e the smell payload increase with F1’. Case with longer 1’1” should be sroulioated
because of incrcawl science return

. iMOre deznanding  mission wirh - ~wo landera  or two fields and panic~es spacecraft (t@alling 25CH3  kg) is possible. al 14”1”=.6 years.
, PO and ISP vary re.la[ively widely with F-l’.
~A~l@e mar  in exisls to perform a Lhe &sic  n]iss ial. .— ———

I’able 7. Multiple Mainbclt Asteroid Rendezvous (optional landers) Pcrforlnancc  Sun~n~ary
Rcquircmcnts: M1,l,> 1395 kg (I{xce.ss perforlnancc  arc for pcnchators)

MMIIAR with (Titan IV/Centaur +N,P)
}<cnrlczvous  Sequence and Pcrformancc’

~Z~$...Y~?~;~?~C~f~FFF~2~I~SF2~I~SF-

‘“’””””’”’”’’”’”’”2’””’”’’”  ‘“’’””’’’’’7E9  -’’”””
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..!  . . . . . . . . . ..i

1

2 4  ‘“’4’’”%{-’”’  ‘“’”’$””””””-;~”’’-’—’  “ ’— - — -  ‘ - ’ - - - - —’  ‘ “— ’ ’ ’ ’  - - - - -

I
L F.-l, 1.-1’1  VIII.  Po ISP PR P. -l’L ~o—N, ?J~~  .% Mp .Mw ,M.,{ MvkJ,  .Mm YE
&r) @r) @.,/s &w) (se.) @w) &w) (y,) (yr) &d fig) (kg) &g) OS) Om,Jm

)
@g) ~

13.4 13.4 2:9 40 5335 9 8 ],~6 5,0 5 25 2 793 I 3185 2348 890 3238

1

1508 26.9
—— ———.- . .—

. Multiple rexldezvou$  w,ilh highly desirable [argeLs  .an  be adequa[cly aczonlpl  ished  w,idr dris sys[em.
——-.—.

. Although mass rrlargin is na indicated in Ore table, it may be obmined  with altcrlla[ive  targets and longer F-l’ or dropping me target

. Noniirlal  PG-40 kW, ISP=5300  sec. (small mn(pard  to &hcr n,issions)

. lhrust  tinle is rsmdcst, IXSI F-I’ is long (on the average 2 ycar~ per targel),

. Best missim  for a first .NEP applica[icm, -.— —.

MMBAR witi (}11.V/Centaur +NEP)
Rendezvous Se ucnce and Performance.

IIODY EA nh

[q !

~ :--~’’;~e~e~

4- Vesla
‘“”””ii’iifii~k”iv~- ‘“”---iZiTZ””-””--”-- “-”-. --”-.””-”””. --”””--” .“””””””””--””-”-”-””’”-””””’l”””  “--”-”.”””’””--””””-”” ““”-. -”””s515”--”-+”---””””8;  f4”””””f  ””’-”’””.””  ‘-””---–--i;i9  ”””””””

OUS DA’l”k:S 2CKr5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I’YP[: .>,,,..,, >,, ,,,,,,,.,,,,,.,,,.,,. ,,-,,,  ~,,,,u,, .A,-v$:,>_,L-,i,.-.  L,,, G,,A,-

“’;y;;’-”’”;y;;’’’’;n,);””’;:;”;’’;e::’”’”””””  ::
RADIUS  .

- [:[ Frl VIII,  Po IsfJ PR P.
@w) @w) (y;) @r) (k@ (kg) &g) @g) @g) @ g)’ ~’;”

)

~:.:..:::?::::::.::?::j
l’erionnance  unpmvenlenl  over 1 t[an IV/Ccnlaur + ,N[:l’ ctse  IS nO[ slgr]Lflcinl

.-?Jmnlnal  PO -90 kW. ISP a 6(XO SCC,



.
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l“ablc  8. Comet iNuclcus  Sart]plc  Return F’crfonrmncc  Summary
Exnm Ic Missions

r

.— . . . . . . . — — - .  . . —  _ _ _
Comc[ [>unch  hMC -- Cornc[  Date—-- Ekrdl Return Date

lerllpcl 2 ~12) 4/05/2005
——— ._ —_. . . . . _ ___________________

9/20/’2 008 2/24/201 1
Tcmpcl 2 ~2) 6/24/2C04 8/26/? 008 2/~4/~ol  1

l“suchhrshan 2 ~1’S2) 1 l/03/X105 5/23/’2008 7/20/2012
Tsuchinshan  2 ~1’S2) 12/16/’2O@i 12/0 1/2008 7/20/2012

Kohoutck  (KCHI) 8~9/2007 8/01/2010 5/31/2014
Kohou[ck (KO1l) 10/28~006 11/13/2010 5/31/2014

Kopff (KOPF) 2W1/2o09 7/19/’2012 1 2/20/2015
Kopff (KOPF) 5/19/20Q8 8/08/’2012 12/20/2015
Wild 2 (Vd2) lo/22/2(K)9 3/05/’201 3 8L20/2016
Wild 2@2 2/01/2009 3/’22f?ol  3 9/19/2016—---- — — .  _ .  . _ .  _ . .  _ .— _________

Rcquirwnents: MP1, = 1800 kg (no[c: 500 kg kmdcr/.san~plcr  Icft on conict )

CNSR  with ~11.V/CenL~ur  + NEP&
Ccwet

- — _ _ _ _fq, Vlrs, ISP PR  —  P. TL ‘I’p N. N, Nmw
- . . .  — . —  _ _ _

@) @,d.) g,

%; ‘~) ‘J) fi~ Or)

.M~ .Mp M‘W ‘%[ %w ~%, ‘ A C

@&) W @&) O@ h) @@ &m/s)

12 5.9 26 86 3.4 11 44 2 12651 5824 3353 1671 5024 1303 29.7

- I ?2 6.7 0.8 92 4773 8 8 1.18 3.8 12 48 2 14589 6866 3476 18S1 5328 1895 30.6

I 1S2 6.8 3.1 83 452.5 8 8 1.14 2.7 11 33 2 11838 4994 3291 1475 4766 ,578  25,z

I 1S2  7.6 0.9 % 5067 8 8 1.20 3.9 12 60 2 14559 6659 3562 1971 5533 1867 31.3

KCS}I 6.7 3.S 76 45tW 8 7 1.25 2.7 11 33 2 10996 4513 3156 1376 4531 1452 14,6

KOII 7.6 0.8 95 5076 8 8 1>?2 3.9 12 60 2 145/0  6 5 4 8 3539 19s1 5491 2031 30.6

I KC)PF 6.8 2.4 91 4493 7 7 1.22 2.9 13 39 2 12884 5800 3450 ,665 5115 ,469 27,2,

I KOPP 7.6 0.9 94 4964) 8 8 1.20 3.9 12 60 2 14562 6574 3521 1955 5476 1912 30.9

I W2 6.8 2.0 95 4493 7 7 1.17 2.8 13 52 2 13464 6057 3540 1838 5378 1529 27.1

I W2 7.6 0.8 94 4983 8 8 1.20 3.8 ,2 48 2 14567 6548 3525 ,842 5367 2,52 ~(f.o
—.. —
Ccunrnents:

— — .  — . .  — . .  .. ——. —-—— — ——-—

. Direct and irrdircci  class of trajectories arc cxmsiderwl. Ihe flrsl erjtry for each target is tie direct mcde,  and the 2nd Ihe indirect.

. IndirccI trajectory  with F-l’ of 6.7 to 7.6 ycam is required to satisfy the paylmd  mquirelncnt.
● iNorr]inal PO E 95 kw, ISP M 5030 dcc.
. Perfcmnance nuargin  will require longer F1’ and orhcr classes of trajectories. 1’o  be investigated.
. lhrus[ time = 4 years — . — . . . . — — .  .  -.—

..-. .———-—
Mission

L v
F-l’  (yr)

PO (kW)
lSP  (SW.)

N1
Tp (yr)

Missiml  I’inw  (&

LMissiorl
Lv

F-r (y)
PO (kW)
ISP Sec.)

N1
I“p (yr)

Mission T“inm (y)_ _ _ _ _ _ _

Table 9: Summary of NW Systcm Design Parameters
—— . . . . -— —.. ..—

uo/P NEO/P
— — . .  — . —

PLOIP PI.o/P JC;T—
}IL,V [11.V l’i[rin IV

——.——
HI.V ‘- I“itan IV

10.5-14. 12-15 14.5 11.5-14 5 - 7
98-92 101- 100 56 103-99 5 8 - 4 8

8400 -1000Q 7800-9500 8400 72)(). s]~ 8700-10000
70- 78 7 2 - 7 7 40 7? -64 4 0 - 3 6
8.3 -12.3 7.9 -10.7 8.0 7.0 -7.7
14 -19

8.2 - 11.5
14.5- 18 16.5 13-16—— 12-15— .

JCiT iMMBAR ‘FiMIIAR CNSR_., —— _
HLV Titali IV III-V }I[,V

5 - 6 . 5 13.5 11 6.7-7.6
9 7 - 9 7 40 93 92-96

8500- 98fX) 5XKJ 6000 -5030
63-60 25 70 5060

7.9- 10. 5 6.3 4.0
11-14 13.5 11 s____. _._.___ .’.. __...... ..— .——  —-c


